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Tr ibo logy i s  a compulsory  f inal  year  sub ject  for a l l  
s tudents  taking a BSc in Mechan ica l  Eng ineer ing.  
Students continuing the i r  study to obtain a fu r ther  
degree  can fol low another  ser ies  of lec tures .  As 
yet  no spec ia l  courses  in t r ibo logy  for indust ry  have 
been ar ranged at th is  un ivers i ty .  A se lect ion  of re -  
search  top ics  being car r ied  out in the t r ibo logy 
laboratory  fol low. 
E LASTOHYDRODYNAMIC LUBRICATION 
The laboratory  has two d isc  mach ines  which are  both 
operat iona l  for e.h.1, s tudies;  a four -d i sc  machine 
for study of the low s l ip reg ime and a two-d isc  
machine for the region of high s l ip.  Next to measur -  
ing f i lm th ickness  the mach ines  have a lso  been in-  
s t rumented  to measure  f r ic t ion.  Making use of both 
mach ines ,  f r i c t ion  can be measured  at any chosen 
re la t ive  s l ip rat io .  
Th is  work  has led to a more  deta i led  ins ight  into the 
mechan ism of t rac t ion  in an e.h.1, f i lm of lubr icant  
and i t  has been poss ib le  to accurate ly  pred ic t  the 
f r i c t iona l  losses  in an e.h.1, f i lm prov ided  the s l ip is  
i s  very  smal l .  Th is  type of work  could u l t imate ly  
lead to a bet ter  understand ing of the mechan isms of 
fa i lu re  normal ly  occur r ing  for th is  type of contact 
(scuff ing, pitt ing).  
An in teres t ing  s ide - l ine  which has developed f rom the 
work on t rac t ion  in e.h. l ,  i s  the observat ion  of a la rge  
effect on t rac t ion  of the width of the d i scs  used.  
Under o therwise  normina l ly  ident ica l  condit ions de-  
c reas ing  th is  width leads  to an increased  f r i c t iona l  
torque between the d iscs .  The cause of th is  behaviour ,  
which has a lso  been observed  by Hewko 1, is  now be-  
ing invest igated.  If the effect i s  rea l  i t  could have an 
impact  on the des ign of gears ,  cams,  ro l le r  bear ings ,  etc. 
The two-d isc  mach ine  has a lso  been used to study 
t rac t ion  and s l ip  us ing a s tee l  d isc  ro l l ing  on a rub-  
ber  d isc .  No lubr icant  is  used.  The aim is  to look 
into the poss ib i l i t i es  of us ing this  type of ' var iab le  
t ransmiss ion '  as  a feed back  e lement  in the process  
of ree l ing  of text i le  mater ia l s .  This  study i s  a lso  
supplying in format ion  on the genera l  mechan ism of 
ro l l ing  of a v i scoe las t i c  mater ia l  on a hard  s tee l  
sur face .  
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DESIGN OF FLUID F ILM BEARINGS 
It i s  becoming increas ing ly  impor tant  hat des igners  
should not only be prov ided with the proper  too ls  en-  
abl ing them to des ign a bear ing  which just  works  but 
should pay par t i cu la r  attent ion to des igning for 
opt imum condit ions.  The procedures  leading to such 
an opt imum design should be c lear  and easy  to under -  
stand. There fore ,  research  has been car r ied  out to 
depict  the behav iour  of such bear ings  in the form of 
des ign char ts .  Using these char ts  it  i s  poss ib le  to 
se lec t  the appropr ia te  c learance  (in the case  of 
journa l  bear ings)  or the appropr ia te  pos i t ion of the 
pivot (in the case  of Michel l  bear ings)  leading to 
e i ther  max imum f i lm th ickness  or to min imum f r i c -  
t ion. The char ts  a lso enable the des igner  to solve 
much more  complex  opt imizat ion prob lems at a 
glance2,3.  
Work  is  now going on to opt imize  cent ra l ly  grooved 
journa l  bear ings  and rad ia l  Michel l  bear ings  respec-  
t ive ly .  It is  a lso  poss ib le  to se lect  the des ign para -  
meters  leading to max imum st i f fness  for these types 
of bear ings .  This  c r i te r ion  is often of over r id ing  
impor tance  for the design of rad ia l  Michel l  bear ings  
for tu rbomach inery .  
As a resu l t  of this work some in teres t ing  reg ions  of 
unstable behav iour  have a l ready  been pred ic ted  for 
rad ia l  Michel l  pads which were  h i therto unknown. The 
effect of e las t i c  d i s to r t ion  of the bear ing  e lements  on 
f i lm th ickness ,  t rac t ion  and st i f fness  can also be 
taken into account.  
A l l  of th is  work  is  based on the resu l t s  of computer  
so lut ions.  However exper imenta l  compar i son  with 
the pred ic ted  resu l ts  us ing a four -bear ing  r ig  is  in 
p rogress .  
DYNAMICALLY LOADED BEARINGS 
Some years  ago Booker  and Blok proposed  a new 
method to so lve the prob lem of pred ic t ing  the move-  
ment  of a journa l  in a bush if the bear ing  fo rmed by 
these two e lements  i s  subjected to a dynamic load 
cyc le .  This  method is  used extens ive ly  in indust ry  
nowadays.  It can be appl ied e i ther  numer ica l ly  or  
graph ica l ly .  
This  work  has now been extended to a lso cover  the 
case  of MicheU pads as used in thrust  bear ings .  
The method is s l ight ly  more  dif f icult  than for journal  
bear ings  because  there  is  one more  degree  of f ree -  
dom. Our a im is  to continue th is  work and to extend 
the method to rad ia l  Michel l  bear ings  and to cent ra l -  
ly grooved journa l  bear ings .  The u l t imate  goal  of 
th is  work  is  to enable the choide of opt imum condi -  
t ions for these  dynamica l ly  loaded bear ings ,  s imi la r  
to the methods a l ready  presented  for s teadi ly  loaded 
bear ings  2, 3. 
This  work  is  accompanied  by exper iments  using a 
' squeeze f i lm apparatus ' ,  and wi l l  be extended to 
ro tor  s tab i l i ty  p rob lems.  
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GAS BEARINGS 
Di f ferent  gas bear ing computer  p rogrammes,  based 
on d i rec t  methods,  a re  being tested.  The aim is  to 
cut down the enormous amount of computing t ime 
which is  normal ly  needed to pred ic t  the behaviour  of 
sel f  act ing gas bear ings  by introducing a more  eff i -  
c ient ca lculat ing method. Severa l  types of gas bear -  
ings are  being invest igated using these programmes.  
g rammes.  
F INAL COMMENTS 
Not al l  topics  of cur rent  research  could be d i scussed  
in this rev iew.  Other topics  include a hydrosphere  
bear ing,  a method to obtain the opt imum number and 
form of d imens ion less  groups to descr ibe  any phys i -  
cal model,  the development  of a smal l  centr i fuge for 
high values of.~ (up to 200 000), the study of p last ic  
bear ings  with respect  to wear and fr ict ion,  and work 
on an ent i re ly  hydrostat i ca l ly  supported piston.  
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FRETTING CORROSION 
In this repor t  fretting cor ros ion  not only covers  oxi- 
dation react ion under  mechan ica l  t reatment ,  but also 
the change of lattice st ructure caused  by  friction, and  
even  chemica l  react ions  between the bulk  mater ia l ,  
the lubr icants and  other substances  in the env i ron-  
ment .  In tests car r ied  out with un lubr icated annu lar  
spec imens  mov ing  in alternating rotation with very  
smal l  ampl i tude,  the wear  can be taken as a measure  
of the inf luence of test parameters .  Tes t  results ob-  
tained us ing lubr icants were  not conclusive.  The  
process  of fretting cor ros ion  in the presence  of a 
lubricant is even  more  complex  and also t ime-de-  
pendent.  Steady-state  condit ions dur ing  a test run 
take a long t ime or somet imes  never  happen.  
The  effect of a lubricmlt on fretting cor ros ion  is dif- 
ficult to determine  if the evaluat ion is based  on weight  
loss of the spec imens .  To  avoid this difficulty the 
consumed mechan ica l  energy,  measured  cont inuous ly  
in the fo rm of slip and  friction force, was  chosen  as a 
rating standard.  The  energy  consumpt ion  var ies  dur ing  
a test  in a character i s t i c  manner  for each lubr icant .  
E. p. addi t ives  need as much energy  dur ing the s tar t -  
ing per iod  of a test  run as if there  were no lubr icant  
avai lable,  but the amount of energy consumed de-  
c reases  dur ing the test .  
However,  sol id lubr icants ,  used in powder form,  s tar t  
with a low f r ic t ion energy,  but lose the i r  lubr icat ing 
proper t ies  dur ing the f r ic t ion process .  A combina-  
tion of these two addit ive types gives opt imum re -  
sults.  The sur face  condit ions at the beginning of a 
test  have a decreas ing  inf luence if no lubr icant  is  
present ,  but they must  be taken into account at lubr i -  
cated sur faces .  Liquid lubr icants  a re  more  effect ive 
on rough sur faces ,  while sol id lubr icants  behave 
better  on smooth sur faces .  
The behaviour  of po lymer  sheets  in reducing f rett ing 
cor ros ion  has been invest igated.  Although the resu l ts  
were encouraging thei r  use in pract i ce  is  l imi ted 
because of the i r  low pressure  yield l imit ,  the i r  de-  
format ion under load and the di f f iculty of fastening 
them to sur faces .  An attempt o estab l i sh  an energy 
balance for the f rett ing cor ros ion  process  of po ly -  
mer  sheet fa i led because  of the dif f iculty in eva luat -  
ing the numerous  factors  inf luencing the energy con- 
sumption. 
NON-NEWTONIAN LUBRICANTS 
The per fo rmance  of non-Newton ian ,  in part icular  
s t ruc ture -v i scous  (with increas ing  shear  rate the 
viscosity decreases)  lubricating liquids in journal  
bear ings  has  been  examined.  To  find out the load- 
car ry ing  capaci ty  of the bear ings  lubr icated by  these 
oils, temperature ,  oil consumpt ion ,  friction and  eccen-  
tricity were  measured .  It was  found that the 'mean 
effective viscosity', related to the temperature  in the 
c learance  and  to the shear  rate, was  very  important .  
The  effect of p ressure  on viscosity was  not taken in- 
to account.  If Newton ian  and non-Newton iml  oils 
are compared ,  a valid bas is  must  be found. Two types 
of oil were  invest igated by  theory  and  exper iment :  
1 Quas i -equ iva lent  oi ls:  s t ra ight -v i scous  and s t ruc -  
tu re -v i scous  oi ls  which have the same v iscos i ty  
measured  in a s tandard  v i scometer  
2 Equivalent  oi ls:  s t ra ight -v i scous  and s t ructure -  
v iscous  oi ls  which have the same effect ive v i s -  
cos i ty  within the c learance  of the bear ing  
The effect ive v i scos i ty  of a s t ruc ture -v i scous  quas i -  
equivalent oil in a c learance  is lower than for a s t ra ight -  
v i scous  quas i -equ iva lent  oi l  because  of the increased  
shear  rate .  This reduces  the bear ing fr ict ion.  At 
the same t ime the oil flow rate  increases  and lowers  
the oil  temperature  and the bear ing  temperature ,  but 
because the eccent r i c i ty  inc reases ,  the load car ry ing  
capac i ty  d imin ishes .  
Equivalent o i ls  have the same eccent r i c i ty  and the 
load-car ry ing  capacity.  Temperature ,  oi l  flow ra te  
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